Background: Midlife alcohol consumption (beer, wine, and spirits) was examined in relation to dementia incidence over 43 years. Cox proportional hazard models adjusted for cluster-correlated data were used in cohort analyses. Conditional logistic regression (dementia-discordant pairs) and mixed effects models (dementia-concordant pairs) were used in twin analyses. Results: Overall, nondrinkers did not differ from light drinkers in dementia risk. Heavy drinking (hazard ratio = 1.10, p = .028) and very heavy drinking (hazard ratio = 1.18, p = .033) were associated with increased dementia risk controlling for sociodemographic, lifestyle, and cardiovascular factors. More alcohol from spirits was related to increased risk of dementia, whereas more alcohol from wine with decreased risk, although the association for wine reversed direction at high amounts. Relative to co-twins drinking light amounts, moderate-to-heavy drinking twins had (a) greater risk of dementia by 57% (p = .006, 300% in monozygotic pairs only) and (b) reduced time to dementia by 4.76 years (p = .019, 4.78 years in monozygotic pairs only). Conclusion: Averaging more than 12 grams of alcohol per day may increase risk of dementia.
With the number of cases of dementia steadily on the rise due to population aging, researchers have focused on modifiable factors to prevent the future onset of dementia. Development of dementia can be a function of genetic factors and environmental factors and may be exacerbated by lifestyle choices, such as lack of exercise (1,2), poor diet (3), or smoking (4, 5) . Research on alcohol consumption remains mixed because the association between alcohol consumption and adverse health outcomes is often described as curvilinear in a U shape or J shape (6) (7) (8) (9) . One plausible explanation for the observed results revolves around the idea that low-dose toxicity stimulates natural adaptive responses, hence improving health, whereas zerodose and high-dose toxicity ultimately produce adverse effects. This idea reflects the fundamental premise in the hormesis theory (10) . In the case of alcohol, in most general terms, small amounts of alcohol may boost the body's natural defense mechanisms and therefore support health over time, including cognitive health, whereas high amounts carry adverse effects.
Although research on alcohol and dementia exists (11) (12) (13) (14) (15) (16) (17) (18) , no consistent conclusions have been reached. Our study builds on this research by including a large sample of twins, questions on quantity, frequency, and type of alcohol consumed at midlife, and a follow-up period of up to 43 years. Alcohol consumption and dementia have rarely been examined in twins; thus, our study can offer novel insights into the contribution of familial influences to the risk for dementia (19) .
Using the population-based Swedish Twin Registry, we sought to (a) examine categories depicting alcohol consumed at midlife in relation to incident dementia for up to 43 years while controlling for relevant confounds, (b) explore types of alcohol and dementia separately, and (c) explore the contribution of factors shared by twins to the association between alcohol and dementia using dementiaconcordant and dementia-discordant twin pairs.
Methods
We used data from the population-based Swedish Twin Registry (20) , one of the largest twin registries in the world. All 20,902 twin pairs on record as born in Sweden between 1907 and 1925 who responded to a questionnaire in 1961 were sent a questionnaire in 1967 (or also in 1970 if they failed to respond in 1967) and were subsequently followed for dementia. Of these, 12,326 reported habitual alcohol consumption and other study criteria (Figure 1 ). Twins were excluded if they were older than 65 years at baseline, had a record of dementia prior to baseline, or were less than 60 years at the latest dementia follow-up. The National Patient Register and/or Cause of Death Register were used for diagnoses of dementia, hypertension, diabetes, and for date of death through the year 2010. All inpatient stays were recorded, and outpatient hospital visits were recorded since 2001. See Supplementary Appendix for International Classification of Disease (ICD) codes used in the study. Previously, using in-person clinical evaluations from a Swedish Twin Registry subsample participating in longitudinal studies of aging as "gold standard," the combined National Patient Register/ Cause of Death Register dementia diagnoses were found to have a specificity of 98% and a sensitivity of 55% (21) . The low sensitivity means that in the present study, some cases will be misclassified as controls, which may result in a greater chance of Type II error.
Alcohol Intake
In the 1967/1970 Swedish Twin Registry questionnaire, participants were asked questions regarding current frequency, quantity, and type of usual alcohol consumption. Total drinks were aggregated and alcohol was then converted into grams of ethanol per day. One drink is considered to be approximately 33 cL of beer, 12-15 cL of wine, or 4 or 6 cL of 80-proof spirits, all of which contain approximately 13-15 g of ethanol (22) .
Some studies have used sex-specific categorizations (16, 17) ; however, relatively low reported alcohol consumption, with overall consumption below average even for women in other studies, led us to use sex-neutral categories. Participants were categorized by drinking status similar to previous studies (23, 24) as nondrinkers (0 g/d), light (>0 and ≤5 g/d), moderate (>5 and ≤12 g/d), heavy (>12 and ≤ 24 g/d), and very heavy (>24 g/d). Given the prior evidence for a J-shaped relationship between alcohol and dementia, we chose light drinkers as the reference category.
Covariates
Information on demographic and health behaviors was collected at baseline (Table 1) , including age, sex, physical activity, and current smoking status. Physical activity was measured as hardly any, light, regular, or hard physical training, and categorized as hardly any versus any. Smoking habits were evaluated according to current smoking status at the time of the questionnaire (yes/no). Education was not collected at baseline. It was calculated from data collected in 1963 (20) as basic (mandatory in Sweden, 7 or 8 years based on cohort) versus more than basic. When missing, education was added from the recent collection by the Study of Dementia in Swedish Twins (25) . In the remaining 21.8% of the participants, missing education was imputed using basic education for manual workers and more than basic for nonmanual workers. Diabetes and hypertension were obtained from National Patient Register and Cause of Death Register measured as time-varying covariates.
Statistical Analysis
Initially, Cox proportional hazard models in SAS were used to examine hazard ratios between individuals with and without dementia followed by chi-square comparisons and analysis of variance for differences between alcohol categories and type of alcohol consumption (beer, wine, and spirits). Models were adjusted for covariates and twin dependence by entering twin pair as the cluster identifier (26) and were right censored for record of dementia, death, or year 2010. All analyses were analyzed using SAS software (SAS Institute, Cary, NC) Version 9.3, and two-tailed p value of .05 was used throughout.
Twin Analyses
Complete monozygotic and dizygotic twin pairs in which one or both had a record of dementia were used. Of these, 576 pairs were dementia-discordant (one with/one without dementia), and 177
Subjects excluded: -no alcohol consumption data were available n = 2,216 -amount of alcohol could not be calculated because of missing quantity or frequency n = 2,017 N = 16,691
Subjects excluded:
-baseline age > 65 years old n = 3,744 -age at end of study < 60 years old n = 617 -grams of alcohol per day greater than 100 g/d n = 4 N = 12,326 pairs were monozygotic. We also identified 396 twin pairs who were concordant (both had a record of dementia), of whom 160 pairs were monozygotic. Conditional logistic regression in SAS procedure PHREG was used to examine alcohol consumption in relation to risk of dementia within all discordant pairs and monozygotic discordant pairs only. Specifically, to accommodate small numbers of heavier drinkers in this subsample, intake was aggregated into three categories of alcohol abstainers, light drinkers, and moderate through very heavy drinkers. Twins who fit into the light alcohol consumption category were contrasted to their cotwins who drank no alcohol or drank more than light amounts of alcohol.
Mixed effects analysis with the concordant pairs in SAS procedure MIXED was used to examine whether a certain level of alcohol consumption may prolong/hasten time to dementia diagnosis, using light drinking as the reference category. Given that time to diagnosis (a continuous variable) as opposed to dementia status served as the outcome, we were able to run models that converged with all available categories of alcohol consumption.
Results

Sample Characteristics
Sample characteristics by dementia status are presented in Table 1 . There were 1,958 (15.9%) participants with a recorded dementia diagnosis, with an average age at the first record of dementia of 83.2 years. Significant differences were found for age at baseline, diagnosis of hypertension, and being a current smoker indicating higher risk for dementia. Differences in alcohol categories and covariates are presented in Table 2 .
Although alcohol consumption in Sweden in the 1960s-1980s tended to be mostly restricted to weekends in the general population (27) , the median frequency for individuals drinking at least 12 g/d was about five times a week.
Alcohol Intake and Dementia Risk
We examined the proportional hazards assumption with survival and log survival functions using Kaplan-Meier curves and found no substantial deviation from proportionality. Initially, we entered both linear and quadratic terms representing grams of alcohol per day into fully adjusted Cox regression models. The quadratic term indicated a significant positive relationship (hazard ratio = 1.03, p < .001), confirming an accelerated increase in dementia risk as a function of greater alcohol consumption, then, entered as prespecified alcohol categories to examine dementia risk (Table 3) . In Model 1, controlling for age, sex, education, baseline smoking status, and baseline physical activity, consuming 12-24 and 24+ grams of alcohol per day was related to increased dementia risk compared with the light drinkers (1-5 g/d), and the association between abstinence and elevated risk of dementia approached significance (p = .059). Adding vascular/metabolic factors (time-varying hypertension or diabetes) in Model 2 did not change the results. Note: Results are based on Cox regression adjusted for twin dependence and controlling for age, sex, and education, HR = hazard ratio, 95% CI = 95% confidence interval. Diabetes and hypertension were included as time-varying covariates. Interactions of alcohol consumption categories by sex were not significant (ps > .45). Still, because our cutoffs for alcohol consumption were relatively low, corresponding more to cutoffs used for women in previous research, we subsequently used higher alcohol consumption cutoffs for men that match some of the previous relevant research (16,17, 
Type of Alcohol
The mean intake of wine was 1.16 g/d (SD = 2.56), beer 2.01 g/d (SD = 2.49), and spirits 3.09 g/d (SD = 5.95). Controlling for all study covariates, each additional gram of alcohol from spirits was associated with a 3% increase in dementia risk (hazard ratio = 1.03, 95% CI: 1.02-1.04, p < .001), whereas each additional gram of alcohol from wine was associated with a 2% decrease in risk (hazard ratio = 0.98, 95% CI: 0.97-0.99, p = .003). Among the quadratic terms, highest amounts of alcohol from wine were associated with a slight increased dementia risk (hazard ratio = 1.01, 95% CI: 1.00-1.01, p < .001), whereas the quadratic terms were nonsignificant for spirit (p = .199) or beer (p = .432) (results not shown).
Alcohol Intake and Dementia Risk in Twin Pairs
In analyses of all discordant twin pairs (Tables 4 and 5) , moderateto-heavy drinking twins were at a 57% increased risk of dementia compared with their cotwins who drank light amounts. This effect was magnified when the discordant sample was restricted to monozygotic twins, with moderate-to-heavy drinking twins at three times the risk of dementia compared with their co-twin drinking light amounts. Alcohol abstainers were not statistically different from their co-twins drinking light amounts with respect to dementia risk.
Finally, analysis of time to dementia diagnosis using concordant twin pairs was performed (Table 6 ). Being a twin consuming very heavy amounts of alcohol was associated with almost 5 years shorter time to dementia onset in pairs where the co-twin consumed light amounts (estimate = −4.76, SE = 2.01, p = .019). This result was similar for monozygotic pairs, albeit it only approached significance (estimate = −4.78, SE = 2.78, p = .090). Other comparisons were not statistically significant.
Discussion
We assessed the relationship between alcohol consumption at midlife and subsequent risk of dementia for up to 43 years after baseline. Our results are consistent with several previous studies (6, 12, 14, 28, 29) , concluding that heavy drinking during midlife increases risk for dementia in older age compared with light drinking. The relationship likely follows a J-shaped curve (Figure 2 ) although our results for nondrinkers were weak and further weakened by adjustment for hypertension and diabetes. It appears that abstinence alone may not be a valid risk factor for dementia, at least not when midlife alcohol consumption is considered (16) .
The hormesis theory (10) posits that small amounts of otherwise toxic substances may stimulate natural adaptive responses. This idea may apply to alcohol drinking and dementia. Specifically, light consumption may boost endogenous antioxidant mechanisms in addition to potentially providing its own antioxidant effects (30) , or it may promote brain health via reduced inflammatory responses and improved cerebrovascular health (31) (32) (33) (34) (35) . Heavy drinking can overwhelm the body's defenses against the toxic effects of alcohol (36) .
In the select sample of monozygotic twins who were discordant for dementia, moderate-to-heavy alcohol intake increased the Note: Adjusted for age, sex, education, smoking, physical activity, and the prevalence of hypertension and diabetes. Of the 177 pairs, 66 pairs include one twin in light (reference) category and the cotwin not in the light category. OR = odds ratio; 95% CI = 95% confidence interval; Ref. = reference category. risk of dementia by threefold, and heavy drinking reduced time to dementia by almost 5 years among dementia concordant twins. In essence, we found that engaging in different drinking habits can significantly alter dementia risk above and beyond genetic/ familial factors.
Finally, when we considered types of alcohol separately, we found a particularly prominent role of drinking alcohol via spirits in dementia risk. Previous studies have reported a protective effect for wine (11, 12, 18) , a risk effect for beer (12) , or no significant effects for any type (14) . Of note here is that we were able to include a substantially larger number of cases than previous studies. Drinking wine appeared to reduce the risk of dementia except at high amounts, which maps well onto previous research (18, 37) . The France-based PAQUID study reported that even drinking three to four glasses per day may reduce dementia risk. It should be noted that the wine consumption was quite modest in our study, likely as a function of low availability of wine in Sweden in the 1960s (27, 38) .
Taken together, light drinking appears to be a viable populationwide strategy to reduce dementia risk. However, such recommendation must stress moderation because drinking too much alcohol at midlife apparently constitutes a much greater risk for dementia than non-drinking.
Strengths of this study include the use of a large cohort, including a large number of dementia cases, the analysis of twin data that allows disentangling of familial from environmental factors, and a follow-up period of up to 43 years. Limitations include the inability to follow changes in alcohol consumption over time or to ascertain that alcohol consumption did not involve binge drinking (although at baseline, the survey inquired about days of consuming alcohol per week). Studies with multiple time points of measurement, not only for alcohol but also for physical activity and smoking, would be beneficial. Moreover, use of the National Patient Register may underestimate the extent of diabetes and hypertension. Finally, because dementia was identified through the National Patient and Cause of Death Registers, past analyses (17) suggest underascertainment; on the other hand, we were also unable clinically to confirm the dementia cases or examine underlying genetic predisposition for dementia (such as apolipoprotein E (APOE) status). Future work should examine gene by environment interactions involving dementia and alcohol intake. In conclusion, analyzing over 1,000 dementia cases and using 43 years of follow-up, we found evidence that drinking more than a drink per day during midlife increases subsequent risk of dementia. We offer new evidence that the increased risk of dementia as a function of more alcohol drinking may reflect disproportionately drinking alcohol from spirits, a notion that may deserve further attention. Finally, results of twin analyses indicated that the effect of moderate-to-heavy alcohol drinking on increased risk of dementia can sustain control over genetic and early-life factors shared by monozygotic twins. Promoting drinking light amounts of alcohol, specifically wine, and reducing drinking spirits may serve as useful intervention strategies to decrease risk of dementia in the population.
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